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In a recently published manuscript, Bellido and co-
workers have utilized an in vivo animal model to investi-
gate the relationship between systemic osteoporosis and 
susceptibility to the development of post-traumatic 
osteo  arthritis (OA) [1]. Th  e interest in the relationship 
between articular cartilage and the structural and 
functional properties of peri-articular bone relates to the 
intimate contact that exists between these tissues in 
joints that are susceptible to the development of OA. 
Much of the interest and continuing controversy regard-
ing the relationship between subchondral bone architec-
ture and properties dates back to the original suggestion 
by Radin and Rose that alterations in the mechanical 
properties of subchondral bone could adversely aﬀ  ect the 
functional state of chondrocytes and the integrity of the 
overlying cartilage [2]. Th  ey hypothesized that the 
deterior  ation in articular cartilage associated with the 
osteoarthritic process was secondary to an initial increase 
in subchondral bone stiﬀ   ness induced by repetitive 
mech anical  loading.
Two general strategies have been used to deﬁ  ne the 
properties of peri-articular bone in both human and 
animal models of OA [3,4]. Th  e  ﬁ  rst strategy involves the 
use of nondestructive imaging modalities, including a 
variety of radiographic techniques, magnetic resonance 
imaging, radionuclide scanning and bone densitometry. 
A general conclusion from these studies is that the 
structural and organizational properties of the sub-
chondral bone are dependent upon the stage of OA 
progression; that is, pre  clinical, early or late. Additionally, 
the alterations in the peri-articular bone are site speciﬁ  c, 
and it is essential to distinguish between the individual 
bone compartments of subchondral cortical and 
trabecular bone, as well as the zone of calciﬁ  ed cartilage.
In general, analyses using imaging techniques have 
conﬁ   rmed that OA progression is associated with an 
increase in subchondral cortical bone volume and that 
these changes account for the pattern of subchondral 
sclerosis detected with standard radiographic techniques 
[5]. In contrast, analysis of the bone mineral density in 
human subjects with OA reveals a decrease in bone 
density related to thinning and loss of bone trabeculae 
[6]. Th   ese changes have been attributed to the eﬀ  ects of 
enhanced absorption of load-bearing stress by the 
thickened cortical bone plate, resulting in reduced load 
transfer to the underlying trabecular bone and the 
development of osteoporotic changes [7].
Th   e second approach for analysis of peri-articular bone 
involves the analysis of subchondral bone specimens 
retrieved from human subjects or animal models at 
various stages of OA progression [3,4]. Particularly 
informative have been the studies by Day and colleagues 
[8], who utilized ﬁ  nite element models constructed from 
microCT scans of subchondral trabecular bone from the 
proximal tibiae of cadaver specimens of subjects with 
early OA. Th  ey observed that the volume fraction of 
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The interest in the relationship between articular 
cartilage and the structural and functional properties 
of peri-articular bone relates to the intimate contact 
that exists between these tissues in joints that are 
susceptible to the development of osteoarthritis (OA). 
The demonstration in several animal models that 
osteoporosis and decreased bone tissue modulus 
leads to an increased propensity for the development 
of post-traumatic OA is paradoxical in light of the 
extensive epidemiological literature indicating that 
individuals with high systemic bone mass, assessed 
by bone mineral density, are at increased risk for OA. 
These observations underscore the need for further 
studies to defi  ne the pathophysiological mechanisms 
involved in the interaction between subchondral bone 
and articular cartilage and for applying this information 
to the development of therapeutic interventions to 
improve the outcomes in patients with OA.
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© 2010 BioMed Central Ltdtrabecular bone was increased, but surprisingly found 
that the bone tissue modulus at sites corresponding to 
OA cartilage changes was reduced. Th  ey attributed the 
reduction in elastic modulus to a decrease in mineral 
density secondary to incomplete mineralization asso-
ciated with an increased rate of bone remodeling.
Th   e demonstration that OA, at least in the early stages, 
may be accompanied by a decrease in bone tissue 
modulus has direct relevance to the studies by Bellido 
and colleagues [1]. Th  ese authors employed a rabbit 
model in which they induced systemic osteoporosis with 
a protocol of ovariectomy and concomitant adminis-
tration of glucocorticoids. Post-traumatic OA was 
induced using a surgical model, and a variety of investi-
gative tools were employed to show that the induction of 
systemic and subchondral osteoporosis and increased 
bone remodeling resulted in enhanced cartilage damage 
compared with control animals. It is of interest that the 
studies by Day and colleagues also indicate that, although 
the bone volume is increased in specimens of 
subchondral bone from human subjects with early OA, 
there is a decrease in the elastic tissue modulus [8], 
similar to the eﬀ  ects of osteoporosis on bone mechanical 
properties.
Th  e observation that osteoporotic bone changes may 
enhance rather than decrease the susceptibility to OA is 
paradoxical in light of the extensive literature in which 
the relationship between these two disorders has been 
investigated. In general, cross-sectional studies indicate 
that individuals with high systemic bone mass, assessed 
by bone mineral density, are at increased risk for the 
incidence of OA [4]. Th  e apparent discrepancies in the 
data from these epidemiologic studies and from the 
studies of Bellido and colleagues [1] and Day and 
colleagues [8] highlight the complexity of the relationship 
that exists between subchondral bone and articular 
cartilage, which varies substantially depending on the 
stage of OA progression and the underlying factors 
involved in the pathogenesis of OA.
In the study by Bellido and colleagues, osteoporosis 
was induced using a combined protocol involving 
ovariectomy and glucocorticoids [1], both of which 
adversely aﬀ  ect bone remodeling. Th  ere are epidemio-
logic data in human subjects and data from animal 
models indicating that estrogen withdrawal is associated 
with an increased propensity for the development of OA, 
but whether these eﬀ  ects are mediated via direct action 
of estrogen on chondrocyte function or by eﬀ  ects on 
bone remodeling (or both) has not been established 
[9,10]. In addition, glucocorticoids also aﬀ  ect chondro-
cyte func  tion, which could contribute to adverse eﬀ  ects 
on the state of the cartilage matrix [3]. Bellido and 
colleagues’ study nevertheless provides additional in-
sights into the complex relationship between peri-articu-
lar bone remodel  ing and the changes in articular cartilage 
during the evolution of OA, and underscores the need for 
further work to deﬁ  ne the optimal approaches for apply-
ing these insights into the development of thera  peutic 
interventions that target the skeleton to improve the 
outcome in patients with OA.
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